Product labelling is essential for education and protection of consumers and is fundamental to product quality.
To evaluate the labelling of commercially available fluoridated toothpastes in South Africa (SA). To determine compliance with the South African National Standard (SANS).
A national, cross-sectional survey of 300 fluoridated toothpastes (12 brands, nine paediatric and 29 adult toothpaste types). Labels were appraised relative to a key identifier, product descriptor, country of production or distributor address, content description, batch identification, and expiry date.
None demonstrated full compliance with SANS 1302:2008 (edition 1.1). Nearly three quarters of the labels (n=38; 71.05%) adhered to five of the six marking requirements, while the least compliant provided only product name and distributor address, neither of which has any bearing on consumer education, health benefits or product safety. SANS 1302:2008 omits labelling requirements considered mandatory by the ISO11609:2010 guideline in terms of consumer protection, but all the toothpastes displayed partial compliance with these omitted variables.
The quality of information provided is satisfactory due to partial compliance with the internationally accepted ISO11609:2010 framework, but there is a need for more stringent regulation and the ISO 11609:2010 framework should be adopted within SA.
Labelling, standards, compliance.
It is generally accepted that the preventive-therapeutic efficacy of the fluoridated toothpastes are reliant on the fluoride content. Systematic reviews of the literature have concluded that a minimum concentration of fluoride of 1000ppm be present in the formulation if caries is to be inhibited. 1, 2 Moreover, this fluoride needs to be chemically soluble in the formulation. 3 Other factors relevant to toothpaste quality include the packaging and the marking practices. Packaging is fundamental in protecting the product against contamination from micro-organisms, moisture and dehydration while appropriate labelling that does not confuse or mislead by implication, provides a platform for effective communication with and education of, the consumer.
The major objective of the present study was to analyse labelling practices in terms of the information provided by the label and to assess the degree of conformity with prescribed marking regulations as stipulated by guidelines of the South African National Standards (SANS 1302 (SANS :2008 and the International Organisation for Standardisation (ISO 11609:2010) .
These documents were used as the benchmark for comparison even though their listed standards are not law and their application not mandatory. The recommended regulations are definitive for what may be regarded as acceptable and to which, at a minimum, manufacturers should adhere.
The SANS 1302:2008 (edition 1.1) guidelines pertaining to toothpastes was ratified by the National Committee of the South African Bureau of Standards SC271B, Cosmetics -Toothpastes, and was published in June 2008, superseding SANS 1302:1980 (edition 1). According to this standard, toothpaste is to be packaged in leak-proof, collapsible tubes bearing the total nominal volume or in the case of composite packs (i.e. two or more toothpastes of equivalent or differing net volume(s) and in which the tubes are separated from one another) the total nominal volume of the pack . Permissible volumes  include 15ml, 35ml, 50ml, 75ml, 100ml, 125ml, 150ml,  175ml and 200ml. Additionally, individual and composite packs are to be packaged in such a manner that affords protection against contamination and damage during transportation, handling and storage.
In terms of tube labelling, apart from nominal volume, the name of the toothpaste, the name and contact details of the manufacturer or responsible distributor, a description of content, batch number and, if the product is fluoridated, the phrase, "Fluoride Toothpaste" or "Fluoride Dental Crème" is to be displayed. This phrase is to be marked in a durable and intelligible manner with a font size of 3mm and must be readily visible against the background. Similarly all marking requirements, excluding batch identification, as stipulated for the tube are to be applied in the labelling of the outer carton, packaging of composite packs and bulk packages.
In addition to all packaging and labelling norms prescribed in SANS 1302:2008, the International Organisation for Standardisation document (ISO 11609:2010) includes further labelling specifications, namely, expiry date, chemical form of fluoride, total fluoride concentration and a cautionary note regarding use in paediatric consumers. This last provision can be regarded as mandatory in terms of product safety and health benefits and therefore is a fulfilment of the objective of full consumer protection.
Unlike SANS requirements, ISO labelling regulations pertain to the tube alone. These standards typically refer to the tube as the primary package (i.e. the container in direct contact with the product and retained by the consumer following purchase). The primary package is thus paramount in communicating with the consumer. Notably, two further declarations, omitted from both the SANS and ISO frameworks, but frequently applied by manufacturers in the labelling of toothpastes are storage instructions and guidelines for use. Due to their importance with respect to consumer protection these variables were included in the quality assessments of labelling practices in the present study.
The aim of the present study was to evaluate toothpaste packaging and labelling practices and the extent of the provision of consumer information. In order to achieve this aim, the objectives were: (i) to determine whether packaging and labelling practices on the sample aligned with SANS 1302:2008; (ii) to determine whether labelling practices on the sample complied with ISO 11609:2010 and (iii) to evaluate the quality of the information provided on toothpaste packaging.
A convenience sample of commercially available paediatric and adult fluoridated toothpastes, excluding herbal brands and those claiming to have toothwhitening properties, were purchased off the shelf of a Dis-Chem outlet located in metro Cape Town. The toothpastes sampled in this manner were used to formulate a 'gold standard' list (Table 1) which guided the collection of further samples from other retailers in the five provinces included in the study. A total of 300 fluoridated toothpastes (n=300) were conveniently purchased across 10 sampling sites -from a major pharmaceutical outlet (Dis-Chem) and a food retailer (Pick 'n Pay) located in each of five metropolitan municipalities (Cape Town, Durban, Port Elizabeth, Pretoria and Gauteng) of South Africa.
Each toothpaste sample was assessed for conformity with the packaging and marking regulations/variables stipulated in SANS 1302:2008 (ed. 1.1). 4 The norms prescribed by this documentation were identified as variables 1 to 8 ( Table 2 ).
As per ISO 11609:2010, labels were also studied for information on the chemical form of fluoride, the fluoride concentration, and the expiry date. 5 If the fluoride concentration was expressed as a percent of volume (%w/v) or weight (%w/w), the value was converted to parts per million (ppm). Any additional information provided by manufacturers (e.g. descriptive name of the abrasive, agent, storage instructions, guidelines for use) and deemed essential in terms of consumer protection, were also recorded.
A number of variables, including toothpaste brand and name, nominal volume, manufacturer or distributor contact details, content description and the presence of the phrase 'fluoride toothpaste' were identical for the same toothpaste types irrespective of sampling site. Hence, to improve ease of interpretation, the data obtained was reported, wherever possible, in terms of the 'gold standard' list alone. This produced an effective total sample of 38 toothpastes. Toothpaste types were then codified from 1 to 38 (Table 1) .
Locally manufactured and distributed products comprised 60% of the total initial sample (n=300).
All toothpastes (n=300) complied with variables 1, 4 and 6 -being contained within "leak-proof", collapsible tubes, presenting with a brand name/key identifier and bearing a manufacturer or distributor address respectively (Table 2) . Likewise, all samples, excluding the toothpaste codified 10 were packaged in individual outer cartons (Variable 2). The packaging of toothpaste 10 was restricted to a tube alone and it may be assumed that this compromises the degree to which the toothpaste is protected against contamination and < degradation under normal conditions of transportation, handling and storage. The absence of an outer carton for this product was taken into account in the calculation of box marking statistics.
METHODOLOGY AIMS AND OBJECTIVES
According to SANS documentation it is only necessary for batch identification (Variable 3) to be displayed on the primary package. Nearly 85% of the toothpastes sampled (84.67%; n=300) presented with a tube batch identification, but 90,33% of boxes also had this information, although not required by SANS (Table 2 , Variable 3).
Less than ten percent of toothpastes, codified 7,14, 26 (n=38) did not display the nominal volume (Variable 5). Quantity was still however declared in terms of weight in grams, with weights of 70g, 125g and 115g reflected respectively.
The 'content description' regulation (Variable 7) implies through use of the term 'description' that a listing of all ingredients in conjunction with an explanation of the concentration and function of each ingredient be provided. Space limitations imposed by the outer carton and tube in conjunction with requirements that all information be presented in a visible and legible manner meant that for most toothpastes sampled, content 'description' was confined to a constituent list and frequently an indication of the active ingredient, the chemical form of fluoride and the concentration.
The presence of these elements (i.e. constituent list that included the abrasive agent as well as chemical form and concentration of fluoride) was regarded as conformance with this variable.
A majority, 89.47% of the sample (n=38), provided an ingredients list (Table 2 ) on the outer carton. Non-observance was noted for toothpastes 7, 10, 11 and 24 (Table 1 ). Samples 7 and 10 declared no information with respect to formulation and as a result gave no indication of the abrasive agent and fluoride content or chemical form, stating only that fluoride was present, while samples 11 and 24 did not stipulate fluoride concentration. These omissions pertain to key information, namely, expiry date, chemical form of fluoride, total fluoride concentration, cautionary note regarding use in paediatric consumers, storage instructions and guidelines for use, the provision of which can be regarded as mandatory in terms of product safety and health benefits and therefore in the fulfilment of full consumer protection.
Take note that the two latter variables, storage instructions and guidelines for use are also absent from the ISO11609:2010 framework. Each sample was also evaluated in terms of these omitted variables ( Table 3) .
As is evident from As demonstrated by the results in relation to batch identification (Variable 3) it was found, paradoxically, that fewer of the sampled toothpastes presented with a tube batch identification as opposed to the representation on the box, not actually a requirement. Non-compliance was primarily attributed to the illegibility of this information with numbers being smudged on the outer box or tube, or the imprint being superimposed onto the corrugated terminal tube seal.
In the interests of protecting the consumer against harm from the product and ensuring that intended health gains are attained, appropriate labelling that includes a readily visible product descriptor ('fluoride toothpaste') and quantity declaration of not only total, but also bioavailable fluoride content, is imperative.
Not all (total) fluoride incorporated into a toothpaste is available in soluble (bioavailable) form. A proportion is insoluble/inactive and does not contribute to caries inhibition or management. 7, 10 It is therefore obligatory that not only the total but also the active/bioavailable content be declared in the labelling of a product and that the bioavailable concentration exceed 1000ppm F in order for health benefits to be realized. 3 In the present study, a minority of toothpastes (8) , manufactured predominantly by Colgate were the only samples found to conform with the product descriptor regulation (Variable 8) in labelling of the outer carton. None, however, were found compliant in marking of the tube. With respect to content description (Variable 7), no declarations were made with respect to total soluble (potentially bioavailable) fluoride content.
Two probable explanations as to why bioavailable content is not declared in marking of the packaging could firstly be due to the fact that regulating authorities fail to recognise or adequately define differing fluoride species. This is supported by the fact that the SANS 1302:2008 (edition 1.1) provides guidance only with respect to an analysis of total fluoride content 4 while the Medicines and Related Substances Act 101 of 1965 (R510) merely prescribes the maximum total fluoride concentration (1500ppm) that a toothpaste may contain.
11 Secondly, fluoride bioavailability decreases over time in response to chemical incompatibility between toothpaste constituents 7 and the ambient conditions under which the toothpaste is stored and handled, 6 rendering any declaration in terms of fluoride bioavailability of questionable integrity.
Anti-caries efficacy is reliant on soluble/bioavailable fluoride content. Recommended then is that this minimum total soluble/available fluoride concentration be declared on the label in conjunction with storage instructions, 9, 12 This would accord with the Federal Drug Administration's (FDA) anti-caries monograph which stipulates that manufacturers should formulate toothpastes in such a manner as to ensure maintenance of a minimum available fluoride content for the duration of a product's shelf-life, when stored and handled appropriately. It may, however, be anticipated that if this recommendation is to be met, additional analyses would need to be undertaken by manufactures, new formulations may need to be developed and labels would need to be updated, all procedures having significant financial implications.
Listing of the bioavailable fluoride content is a complex issue, although it is essential in terms of consumer protection. Regulating authorities would need to clearly define and acknowledge the presence of differing fluoride species. Manufacturers would have to hold a complete understanding of fluoridated toothpaste chemistry (i.e. the interaction of fluoride with other constituents of the toothpaste formulation and the impact of environmental conditions on these processes). These provisions would allow for the formulation of amendments to existing, or the generation of new, standards/norms and policies.
The majority of samples provided a content description or rather a listing of ingredients ( Table 2) in marking of the outer carton.
Understandably, full content description (i.e. listing of constituents in conjunction with their function) is best practice in empowering consumers to make informed choices, but this may be impractical in terms of packaging. It is therefore advisable that in order to avoid misinterpretation that wording of the standard be amended to a 'complete listing of ingredients' that must include a statement with regards to the chemical form of fluoride, fluoride content declaration and designation of abrasive agent(s). Alternatively, to consider regulations in terms of product information sheets/inserts. Provision of such sheets would however markedly increase costs and the benefits in terms of consumer protection would have to be offset against affordability. Additionally, ISO 11609: 2010 standards require only that "a complete listing of ingredients according to the International Nomenclature of Cosmetic Ingredients (INCI)" be reflected. 5 Toothpastes are indeed classified as cosmetic products within the South African context, and hence the use of this INCI phrasing may result from the fact that the SANS regulates packaging and marking subject to the 'Foodstuffs, Cosmetics and Disinfectants Act, 1972 (Act No. 54 of 1972; Regulation R1555). In the preface of this document, included within the list of definitions, 'describe' is said to include 'to advertise or label' 13 .
Extensive evidence, dating as far back as the first clinical trials undertaken to evaluate the anti-caries efficacy of fluoridated toothpastes, has demonstrated
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Product descriptor and content description RESEARCH 78 > that abrasives influence fluoride bioavailability and the rate of fluoride release in response to chemical incompatibility between these components. [6] [7] [8] [9] Recent analytical studies have also repeatedly demonstrated that fluoride bioavailability declines markedly over time especially in toothpastes formulated with a calcium-containing abrasive as opposed to a silica-based abrasive or when subjected to excessive temperatures. 6, 8, 14 In the interests of consumer protection and the realisation of intended health gains it is therefore imperative that consumers be educated with respect to abrasive agents in the toothpaste formulation, be alerted to the fact that anti-caries efficacy declines over time and markedly so with improper handling and storage. This highlights a need for identifying the abrasive agent(s) and legibly displaying the expiry date and storage instructions on the label.
The present study found that over three quarters of the toothpastes sampled displayed the abrasive in listing of the constituents together with an expiry date, while less than a third displayed storage instructions in marking of either the tube or outer carton.
As fluoride bioavailability is reliant on product age and is a measure of efficacy it is fundamentally important that the stability of the toothpaste be specified through provision of an expiry date and it is for this reason that this variable, although not mentioned in the SANS parameters, receives special mention.
Declaration of an expiry date is preferable as opposed to a date of manufacture as the layperson is not necessarily aware that toothpastes have a shelf life and that the normal duration for which a product may be considered viable and safe for use is two years.
Additionally, conflicting information presents within the literature with respect to product stability. Some researchers refer to a three-year shelf life 6 , while the ADA (American Dental Association) stipulates a two-year product stability. 15 Some marking regulations omitted from the SANS guidelines in contrast to ISO, may be accounted for by a clause which has been inserted into the edition 1.1 SANS 1302:2008 documentation, immediately below the heading, "4. Packing and Marking," which stipulates that all packing and marking practices must comply with current national legislation, namely the 'Foodstuffs, Cosmetics and Disinfectants Act, 1972 (Act No. 54 of 1972; Regulation R1555), the primary statute regulating the sale, manufacture, import and export of these substances. 13 In recent years, especially since the ratification of the Consumer Protection Bill (Act No. 68 of 2008) in April 2010 and its coming into operation in March 2011, consumer rights and protection have garnered increasing attention. 16 In association with this upsurge, amendments to the 'Foodstuffs, Cosmetics and Disinfectants Amendment Act, 2007 (Act No. 39 of 2007) and food labelling regulations (R146 of 2010) have been promulgated which focus, in particular, on revisions to labelling regulations, recognizing that adequate marking is a means of empowering the consumer to make informed choices and respecting his/her right to autonomy. 17, 18 The Cosmetics, Toiletries and Fragrance Association of South Africa (CTFA) states that in keeping with 'new' cosmetics labelling legislation, certain compulsory information, namely, brand name, product descriptor, directions for use, cautionary statements, ingredient listing and quantity declaration, be displayed in the marking of a product. 19 Once again, no mention is made with respect to product stability/expiry, declaration of the active ingredient/s and concentration thereof, all of which are paramount to consumer safety.
As food, cosmetics and disinfectants are regulated under the same Act it is noteworthy that the 'new' Food labelling regulations, R146 (2010), do require that an expiry/use-by date be conspicuously displayed. According to the CTFA, South Africa ascribes to the European Regulations and Ingredient Annex to facilitate import and export. This provides an additional explanation as to why toothpaste labelling practices do not conform completely to SANS parameters and local legislation, but also partially adhere to ISO11609:2010 specifications. 19 Appropriate packaging and marking is a complex process when one considers the multitude of Acts and associated amendments governing the sale, manufacture and advertisement of toothpastes, compounding the difficulties associated with comprehending the intricacies of legal discourse therein.
In summary, the SABS regulates packaging and marking as well as quantity declarations subject to the Foodstuffs, Cosmetics and Disinfectants Act, 1972 (Act No. 54 of 1972; Regulation R1555) 13 and the Trade Metrology Act (Act No. 77 of 1973) 20 respectively, while fluoride content is managed in accordance with the Medicines and Related Substances Act (Act 101 of 1965; Regulation R510).
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Additionally the National Consumer Commission over-sees improvements to standards of consumer information and the prohibition of unfair marketing practices, such as ambiguous and misleading labelling and advertising. 21 A feasible recommendation, therefore, is that all regulations pertaining to Expiry South African Statutory Requirements manufacture, marking and packaging be clearly and comprehensibly documented in bullet format within SANS guidelines in a manner that provides no leeway for misinterpretation and as a result protects both the consumer against harm from the product as well as the manufacturer/distributor from legal liability.
Despite these statutory requirements, the South African cosmetics industry is self-regulated meaning that manufacturers and/or distributors are responsible for 'in-house' quality assurance. 19 Periodic inspection by external authorities, such as SANS, must occur but the continued sale of products despite noncompliance, demonstrates an inability of authorities to impose restrictions.
Reasons cited for non-compliance with food labelling laws (R146) include a lack of awareness around labelling regulations or a misinterpretation of certain aspects of the provisions, purposeful disregard of legislative details in an attempt to remain competitive, high costs associated with compliance due to required laboratory testing and/or assistance provided by consultants and lawyers in legal interpretations, large expenses incurred in updating and changing labels and poor enforcement of regulations. 22 As foodstuffs and cosmetics are regulated subject to Act 54 of 1972, all reasons discussed in terms of food labelling non-compliance are applicable to this research context as well. Lack of awareness and misinterpretation of legislation may stem from the fact that as a large proportion of toothpastes are imported, manufacturers lack familiarity with local laws (although it is anticipated that the major brands would have 'in-house' legal departments) and due to the multitude of acts governing marking procedures. Editing labels in an effort to achieve compliance is not only expensive but runs the risks of altering the key identifier by which the consumer recognises the product, reducing sales and competitive advantage, meaning that norms are ignored.
Partial compliance with marking requirements of SANS 1302:2008 (edition 1.1) was observed for all toothpastes sampled. That standard may, however, be regarded as weak as marking requirements with respect to information which is considered mandatory in terms of consumer protection, are omitted. On the other hand, a large number of manufacturers conformed to the ISO11609:2010 framework, which includes labelling regulations pertaining to this essential information and even went further in providing additional information, not regulated by either of the SANS or ISO marking criteria. Hence, the quality of consumer information provided on most toothpastes was evaluated as satisfactory.
In the interests of consumer protection, it is viable to recommend that at a minimum, SANS documentation be revised to align with ISO guidelines or alternatively to accept the complete adoption and implementation of the ISO framework within the South African context. The ISO framework does includes labelling regulations (omitted from current SANS) pertaining to information which may be considered mandatory in terms of consumer protection and attainment of intended health gains. However, this standard may also be regarded as suboptimal due to the omission of norms relating to the designation of abrasive agent, the recognition and quantity declaration of differing fluo-ride species (total, soluble/bioavailable and insoluble), directions for use and appropriate storage instructions. Optimally, therefore, it is advisable that in addition to adoption of the ISO framework within the South African context, that national standards and policies be amended to embrace these variables as well.
In a consumer-centric environment in which labelling regulations are set to become more stringent and consumers more educated with respect to their rights, consumer protection (against harm and the realisation of intended health benefits) as well as legal accountability should provide sufficient motivation for manufacturers to become compliant with South African legislation, and with local and international standards.
